Summary 1-2% of adult mouse thymocytes express the T cell receptor ~/B (TCtL-oe/B) together with the interleukin (IL) 2P, g (p70), but not the o~ (p 55) chain. We show that the previously described ol/~/-TCR + CD4-8-and the partially overlapping Ly6C + thymocytes are contained within this subset. Most IL-2R~ + ol/B-TCR + cells have a mature and activated (heat stable antigen [HSA]-, thymic shared antigen 1 [TSA-1]-, CD44hig h, CD69 +) phenotype. Overrepresentation of V~8.2 in both CD4-8-and CD4 and/or CD8 + IL-2RB + thymocytes suggests that IL-2RB expression is induced by a TCR-mediated activation event. In mice transgenic for an H-2K bspecific TCR, IL-21~ + ceils were abundant under conditions of mainstream negative selection, i.e., in the presence of K b, but absent under conditions of mainstream positive selection or in a nonselecting environment. Together, these results show that in addition to clonal deletion, selfrecognition by immature thymoeytes leads to phenotypic maturation of a small subset of thymocytes expressing IL-2R~. IL-2-deficient mice contain normal numbers of IL-2R~ + oe/B-TCR + thymocytes, indicating that like mainstream T cell development, this minor pathway of positive selection does not depend on IL-2. However, in the absence of IL-2, the CD4/CD8 subset composition of IL-2RB + thymocytes is skewed towards CD4-8 +, mostly at the expense of CD4-8-. A possible relevance of this finding for the development of the immune pathology of IL-2-deficient mice is discussed.
I
n resting mature T lymphocytes, engagement of the TCR results in the expression of both the c~ (p55, CD25) and the B (p70, CD122) chain of the IL-2R, allowing IL-2 to exert its growth and differentiation-promoting activities on antigen-triggered T cells (for a review see reference 1). IL-2R are also found on freshly isolated mouse thymocytes, but neither the inductive stimuli leading to their expression nor their functional role, if any, are presently understood. Indeed, whereas CD25 expression is an important means of defining a subset of CD3-4-8-thymocytes (2) (3) (4) , the functional significance of this IL-2R which lacks the ~/chain (5) required for signal transduction (6) remains obscure. In addition, the intrathymic generation of normal numbers of CD4 and CD8 T cells expressing the TCR-ot/~ in IL-2-deficient mice indicates that this cytokine is dispensable for mainstream T cell devdopment (7) .
The ~/chain of the IL-2R, which together with the constitutively expressed 3, chain forms a functional IL-2R (8) , has recently been detected by Takeushi et al. (5) on a major subset of fetal and adult 3'/6 thymocytes and on a very small fraction (1-2%) of adult thymocytes that express the TCRcr/~ at a level between that of immature CD4 + 8 + and mature CD4 § 8-or CD4-8 + cells. These "ot/~-TCtk int'' cells, which make up '~90% of adult IL-2R/3 + thymocytes, do not express the IL-2Rot chain (5) . In the rat, we recently found that in vitro stimulation of immature CD4,8 double positive cells with mAb to the TCR induces IL-2R/3, but not ot mRNA and conveys IL-2 reactivity (9) . Accordingly, we hypothesize that the IL-2RB +ot//3-TCR + cells described by Takeushi et al. (5) had acquired the IL-21kot-/5 + phenotype as a result of self-recognition during positive and/or negative selection of the TCR repertoire.
In the present report, this hypothesis was tested by analyzing the cell surface phenotype and TCR-a/13 repertoire of IL21ka-/3 + thymocytes from normal mice and from TCRtransgenic mice undergoing positive or negative selection.
In addition, it was tested if this subset is normally represented in IL-2-deficient mice.
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Results
Phenotype of IL-2Rce-~+ Thymocytes from Normal Mice.
1-2% of thymocytes from 4-8-wk-old mice react with the anti-IL-2P43 mAb TM431 (12) . The phenotype of this small subset was analysed in BALB/c, C57BL/6, C3H/HeJ, and DBA/2 mice. The marker profile shown in Fig. 1 CD44 high phenotype marks antigen-experienced cells (18, 19) . Finally, the activation marker CD69 is found on the majority of IL-2R3 + thymocytes.
IL-2R/3 + Thymocytes Contain the CD4-8-oe/fl-TCR + Subset in Addition to other CD4, 8 phenotypes.
IL-2Rfl + thymocytes contain a high frequency (50-60%) of CD4-8-ceils (5, and Table 1 ). The three other subsets defined by CD4 and CD8 expression are, however, also represented, although at lower frequencies (20-30% CD4+8 -, 7-11% CD4-8 +, and 5-10% CD4+8+). An exception is the DBA/2 strain, in which about half of IL-2P,3 + thymocytes are CD4-8 + cells. The IL-2Rfl + CD4+8 + population is HSA + , since the frequencies of CD4+HSA +, CD8+HSA + , and CD4 + and/or CD8 + HSA + cells among IL-2R3 + thymocytes were indistinguishable (data not shown). (Table 1) , and Ly6C + thymocytes also contain CD4-and/or CD8-expressing cells, the overlap of these two subsets with IL-2R/3 + cells was examined. As shown in Fig. 3 A for C57BL/6 mice, virtually all ot//3-TCR+CD4-8 -and '~90% of the Ly6C + thymocytes express IL-2Rfl. However, "~20% of IL-2R/3 + thymocytes express CD4 and/or CD8 but not Ly6C (Fig.  3 B) , indicating that IL-2R/3 marks some additional cells not contained within these two previously defined subsets.
Overrepresentation of Vf18.2 in Subsets of
Generation of lL-2Rfl + Thymocytes in TCR Transgenic Mice Undergoing Positive or Negative Selection.
The possibility that IL-2RB expression is the result of TCR stimulation during positive and/or negative repertoire selection was analyzed in transgenic mice with a Kb-spedfic TCR (KB5.C20) (11) that is identified by the anti-idiotypic mAb Desir6e-1 (13) . As shown in Fig. 4 (Fig. 5) , uniformly high expression of CD44, and the distribution of Ly6C and CD69 (data not shown). Analysis of the CD4/8 subset distribution among IL-2RB + thymocytes did, however reveal a two-to threefold skewing towards the CD4-8 + subset, mostly at the expense of CD4-8-cells (Fig. 6 ). Like all CD8 + IL-2P, B + thymocytes, this expanded CD4-8 + population expressed both the CDSot and ~ chains (data not shown). To date, the distorted subset composition of IL-2R45 + cells is the first abnormality in thymocyte subset distribution we have observed in IL-2 -/-mice.
Discussion
The present findings indicate that in contrast to IL-2Ro~ found on immature CD3-4-8-thymocytes, IL-2RB expression on adult thymocytes of the cz/~ TCR lineage is not part of a developmental program but rather is induced by self-recognition. This is most dearly seen in mice with a transgenic H-2Kb-specific TCR in which no IL-2Rot-fl + idiotype-positive thymocytes were detected in the absence of K b, whereas in its presence, the idiotype-positive thymocytes are IL-2Rcr-fl +. In the normal mice analyzed, skewing of the repertoire towards V~8.2 also indicates an antigen-specific selection or activation event in the generation of IL-2P..cx-~ + thymocytes. Skewing towards V~8, and mostly towards V~8.2, has previously been reported for the CD4-8-ot/fl-TCR + and for the partially overlapping Ly6C § (20-25) thymocyte subsets. We show here that both are contained within the 1-2% of IL-2Rot-13 + cells of the adult mouse thymus which, as described for Ly6C + thymocytes (23), can be further subdivided into the four subsets defined by CD4 and CDS. The major contribution of CD4+8 -cells (•25%) of the IL-2Rot-fl + population along with the striking overrepresentation of Vfl8.2 in their repertoire raises the possibility that the recently described Thy0 thymocytes, defined by the absence of the 3Gll determinant on a subset of CD4 § 8- cells and enriched in V38 usage (27) , also express IL-2R3. Finally, CD4-8-(28) and CD4+8 -(29) NKI.1 + CD44hig h thymocytes with a V38-dominated TCR repertoire have been described. These ceils are at least partially included within the IL-2R3 + population (5, and own unpublished observations). The self-antigen responsible for the generation of IL-2R3 + double negative cells in the TCR-transgenic situation analyzed is obviously KL Additional proof for this conclusion was obtained in H-2 a~k mice transgenic for both the Kb-specific TCR and K b (under the control of the mouse CD2 promoter) in which the IL-2R3 + CD4-8-population was similarly prominent (data not shown). CD4-8-and CD4-8 l~ TCR-transgenic thymocytes and peripheral T cells have also been observed in other TCR-transgenic models in negatively selecting situations (30) (31) (32) , although IL-2R3 expression was not investigated. In nontransgenic mice, V38.2 overselection in CD4-8-oe/3-TCR + thymocytes (shown here to express IL-2R3) has recently been shown by Bix et al. (33) to depend on MHC class I expression on cells of hematopoietic origin. Together, these findings suggest that self-antigen recognition, which leads to negative selection in mainstream intrathymic T cell maturation, is the common trigger that induces IL-2R3 expression in thymocytes of the TCR-oe/3 lineage, and that V38.2 overselection represents a special case of a V3-specific interaction with a self-antigen. The antigen dependence of IL-2R3 + thymocyte selection is reminiscent of the recently described "positive selection" of intraepithelial lymphocytes with a transgenic HY + Db-specific TCR, which, unlike mainstream intrathymic repertoire selection, requires expression of both, the MHC restriction element and the antigenic peptide (34) .
At which stage along the maturation pathway of IL2RB+oe/3 -T cells is IL-2R3 expression induced? The heterogeneous phenotype of IL-2R3 + cells suggests that this may happen at more than one stage. With regard to the CD4-8-subset, demethylation of the CD8oe gene has been taken as evidence for prior CD8 expression at an immature CD4-8 + stage or at the subsequent CD4+8 + stage (35) . This would fit with the previous description of CD4+8 + thymocytes within the Ly6C subset and our present findings that ~o 10% of IL-2Roe-3 + thymocytes are TSA-1 + HSA + CD4 + 8 + cells. It is also in line with the rapid induction of IL-2R3, but not oe mRNA, and concomitant downregulation of CD4 and CD8 molecules after in vitro cross-linking of the TCR-oL/3 on rat CD4 +8 § thymocytes (9, 36) . On the other hand, direct in vitro differentiation of TCR + CD4-8-cells from HSA + CD3-4-8-precursors via an HSA + CD3 + 4-8 -intermediate without transitional expression of CD4 or CD8 has recently been demonstrated (37) . In support of this scheme, we observed that about one third of ot/B-TCR+HSA+IL-2R3 + thymocytes in C57BI/6 mice express neither CD4 nor CD8 and may thus be the in vitro correlate to this CD4-8-intermediate stage described (data not shown).
The functional importance of IL-2R3 expression on thymocytes with self-specific receptors remains unresolved. Clearly, as shown by the presence of equivalent numbers of IL-2R3 + thymocytes in IL-2-deficient mice and their wildtype littermates, IL-2 is not required for their generation. This is in line with the observation by Takeushi et al. (5) that blocking anti-IL-2R3 mAb did not prevent the appearance of TCR-a/3+IL-2R3 + thymocytes both in fetal thymic organ culture (FTOC) and in vivo. On the other hand, these authors observed an expansion of this subset when IL-2 was included in FTOC, suggesting that the IL-2R expressed are functional. Since in suspension culture, IL-2 per se does not have this effect (our own unpublished observations), TCR stimulation by a ligand present in the intact thymus but not available in suspension culture may be required for IL-2-driven expansion of IL-2R3 + thymocytes in FTOC. The possibility that IL-23 + thymocytes are, in fact, stimulated in vivo is supported by the expression of the activation markers CD44 and CD69. It seems very unlikely, however, that antigen plus IL-2-driven clonal expansion of TCR-ot/3+IL-2R3 § thymocytes is operative in vivo because: (a) their numeric representation is not affected by IL-2 deficiency; (b) their major component, the TCR-ot/3+CD4-8 - (20, 24, 38) and Ly6C § (23) subsets accumulate slowly with age; and (c) at least mature CD4-8-thymocytes are virtually devoid of cycling cells (39) .
Functional competence of IL-2R3 + thymocytes has been demonstrated at least for its TCR-ot/3-CD4-8-subset, which can be stimulated to proliferate (20, 40) , produce IL-4 (41), and exert cytotoxic function (40) . It remains to be seen, however, if these cells also have a physiological role in the control of immune responses. It is important to note that IL-2R3 + CD4-8-T cells are abundant in the periphery of the H-2 kxb mice presently investigated that express a transgenic Kb-specific TCR (data not shown). Since neonatal thymectomy prevents their accumulation (42) , it appears that these cells can migrate to the periphery. If, as we assume, such IL-2R3 + thymocytes with self-specific receptors are also retained in the immune system of normal mice, their subsequent activation could lead to autoimmune disease. Alternatively, their function could be to suppress anti-self responses of T cells having undergone mainstream repertoire selection. Either scenario could be of relevance to the immunopathology that develops with age in IL-2-deficient mice. The unchecked lymphoproliferation (43, 44) and massive inflammation of the colon along with the formation of autoantibodies (44) points to a malfunctioning of counterregulatory mechanisms in these animals. The abnormal phenotypic composition of IL-2R3 + thymocytes in IL-2-deficient animals, i.e., the increased production of CD4-CD8c~/3 + at the expense of CD4-8-cells may thus contribute to the development bf the lymphoproliferative syndrome of IL-2 -/-mice.
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